Pathological studies were undertaken on 106 mammary tumours (89 benign, 17 malignant) appearing spontaneously in 95 normal female Sprague-Dawley rats which were killed at Day 756. The benign tumours comprised those with a predominant acinar hyperplasia and those with adenomatous or fibroadenomatous pattern. No significant differences were found histochemically between the acinar cells of the benign tumours and of the lactating gland, except that the amount of fibrous interstitial connective tissue was larger in the former. 3Hor 35S-glycosaminoglycan synthesis by the benign tumours was found to be much higher. The prolactin value in the plasma of the benign-tumour-bearing rats was about 27 times that of 6-month-old virgin rats, and similar to that of rats on the 7th day post partum. Carcinomatous proliferation of tubuloacinar cells could be seen in 5 of the 89 benign tumours. The incidence of benign tumours increases with the age of the rats.
Summary.-Pathological studies were undertaken on 106 mammary tumours (89 benign, 17 malignant) appearing spontaneously in 95 normal female Sprague-Dawley rats which were killed at Day 756. The benign tumours comprised those with a predominant acinar hyperplasia and those with adenomatous or fibroadenomatous pattern. No significant differences were found histochemically between the acinar cells of the benign tumours and of the lactating gland, except that the amount of fibrous interstitial connective tissue was larger in the former. 3Hor 35S-glycosaminoglycan synthesis by the benign tumours was found to be much higher. The prolactin value in the plasma of the benign-tumour-bearing rats was about 27 times that of 6-month-old virgin rats, and similar to that of rats on the 7th day post partum. Carcinomatous proliferation of tubuloacinar cells could be seen in 5 of the 89 benign tumours. The incidence of benign tumours increases with the age of the rats.
IT IS WELL KNOWN that the incidence of spontaneous tumours in the Sprague-Dawley rat is very high. Noble & Cutts (1959) , who reviewed the literature on mammary tumours of the rat, found that, in a group of 150 female Sprague-Dawley rats with an average life span of 760 + 21 days, mammary tumours accounted for 95% of the total tumours found in 54%o of the animals. Prejean et al. (1973) reported that the percentage of female rats with tumours was almost double that of males. This difference was chiefly attributed to the high incidence of mammary tumours in females, though the largest number of spontaneous tumours occurred in the endocrine system, mainly in the pituitary and adrenal glands of females. Davis et al. (1956) classified histologically the spontaneous mammary tumours appearing in normal Sprague-Dawley female rats as adenoma, adenofibroma, fibroma and adenocarcinoma. Morii & Fujii (1973) , observing the same kinds of tumours in their laboratory, classified them as fibroadenoma (42.0%), sclerosing adenosis (20 2%), adenoma (10-1%), blunt duct adenosis (7*2%), fibroma (6l1%) and adenocarcinoma (14.5%).
In our laboratory, a high incidence of spontaneous mammary tumours has also been observed in virgin Sprague-Dawley rats. The incidence of benign mammary tumours has been noted to increase with age. In the present study, in order to elucidate the morphological and biological characteristics of the benign mammary tumours, histological and histochemical observation were made, and glycosaminoglycan (GAG) synthesis by the tumour tissues was also investigated to ascertain the physiology of the interstitial element of the tumour. Since a secretory tendency in acinar cells was seen in most of the benign tumours, the relationship between plasma prolactin value and tumour appearance was also checked. In several cases, a carcinomatous proliferation of the tubuloacinar cells of the benign tumours was seen.
MATERIALS AND METHODS

Animals.
One hundred and fifty-six female Sprague-Dawley rats (JCL), obtained from Clea Japan Inc., Tokyo, were fed with a standard pellet diet (CA-1, Clea Japan Inc.) and drinking water ad libitum in stainlesssteel cages without any treatment. Some of them were killed on Day 420, and others on Day 756. The ages, numbers and body weights of the rats killed are shown in Table I . Thirty-two Fischer 344 rats, obtained from Shizuoka Laboratory Animal Center, Hamamatsu, were also used to investigate the spontaneous tumour.
Histology.-After death, the rats w%ere necropsied; the subcutaneous solid tumour, if any, lung, liver, spleen, pancreas, endocrine organs, alimentary canal, kidney and brain were excised, fixed in 10% buffered formalin, embedded in paraffin and sectioned. Each of the following dyes were used to stain the sections: haematoxylin and eosin, Alcian blue (pH 2 5), toluidine blue (pH 5 0), PAS, orcein. Mallory-Heidenhain AZAN and Sudan III. In order to detect components of glycosaminoglycans, the digestion test with hyaluronidase (pH 5 0, 100 TRU/ml, 37TC, 1 h), chondroitinase-ABC (pH 8-0, 10 u/ml, 37°C, 1 h) or chondroitinase-AC (pH 7-0, 10 u/ml, 37TC, 1 h) was performed.
Incorporation of 3H-glucosamine or 35SO4 into glycosaminoglycans synthesized by spontaneous mammary tumour.-In order to investigate the physiology of the interstitial element of the tumour tissues, glycosaminoglycan (GAG) synthesis was observed. Immediately after excision, the tumour tissue was cut into thin (1 mm) slices which were incubated in the following medium: 10% dialysed calf serum (Microbial Disease Institute, Osaka University, Osaka) in Eagle's minimal essential medium (GIBCO, Cat. No. F-12) containing 10 HtCi of 35SO4/ml (sp. act. 0-33 Ci/mmol) or 10 tuCi of 3H-glucosamine/ ml (sp. act. 21 Ci/mmol). After 1 h of incubation at 37°C, the tissue slices were removed and placed in chilled 950o ethanol. Pieces of tissue were washed several times with 80% aqueous ethanol to remove free isotopes, and dried with acetone. After weighing, the resulting dry powder was dissolved in 0-3M NaOH and kept at 4°C overnight. It wN-as then neutralized with IM HCl, adjusted to pH 8-0 with IM Tris-HCl buffer, and digested with pronase. The pronase-digested homogenates were centrifuged, and the small amount of insoluble residue without radioactivity was discarded. The supernatant was dialysed against running tapwater overnight and then against 10 volumes of distilled water. GAGs were purified from the supernatant by the procedures described in our previous reports (Takeuchi et al., 1975 (Takeuchi et al., , 1976 .
Analysis of 3H or 35S incorporated into each GAG component w-as performed by cellulose-acetate-membrane electrophoresis. After electrophoresis of the GAG sample, each spot of GAG, stained wNith Alcian blue, wias cut out of the cellulose-acetate membrane, placed in vials and counted. Hexuronic acid was assayed by the carbazole method (Bitter & Muir, 1962) using glucuronic acid as a standard.
The materials used in this study were: chondroitinase-ABC, chondriotinase-AC, hyaluronidase, dermatan sulphate, chondroitin sulphate A and C, and hyaluronic acid from Seikagaku Kogyo Co. Ltd, Tokyo.
Radioimmunoassay for prolactin. -Rats were killed by decapitation, and 5 ml of the blood was collected in heparinized tubes. The plasma sample was separated by centrifugation at 4°C, and stored at -20°C until assayed. The rat prolactin reference standard (RP-1), rat prolactin for radioiodination (I-1), and antiserum to rat prolactin (S-2) were obtained from the NIAMDD, U.S.A. The radioimmunoassay method w%ias a modification of the procedure of Niswender et al. (1969) . Prolactin level in the blood of young female rats before and after parturition was also assayed for comparison.
RESULTS
Mantrnary-turnour incidence
The ages, numbers of rats, and mammary-tumour incidence are shown in Table I . In 64 rats killed on Day 420, a total of 13 mammary tumours (6 benign and 7 malignant) were found, whereas a total of 106 tumours (89 benign and 17 malignant) were found in 95 rats at Day 756. The malignant tumours were diagnosed as tubular carcinoma. The benign tumours comprised those with predominant acinar hyperplasia and those with adenomatous or fibroadenomatous pattern. The incidence of benign tumours in older rats was much higher than in younger ones. No definite relationship was observed between the frequency of mammary-gland tumour and hypophyseal adenomas.
Histology of benign tumours
The benign tumours consisted mainly of acinar and tubular hyperplasia, with the proliferation of the interstitial fibrous connective tissue. The histology of the benign tumours was divided into the following patterns: (a) Hyperplasia of acinar cells, which had an intense secretory activity, with a small fibrous interstitial element (Fig. la) . This resembled the lactating mammary gland, though the female rats in this study were virgin. (b) A marked proliferation of acinar cells, with scanty fibrous connective tissue. This was similar to the histology of acinar-cell tumour or clear-cell adenoma (Fig. lb) .
(c) A m-arked proliferation of fibrous connective tissue with acinar cell-hyperplasia ( Fig. I c) in some areas, with a histology reminiscent of fibroadenoma. These 3 different types of benign tumour seemed to belong to a single category.
Histochemical studies of benign tumour for comparison with mammary gland of periand postnatal rats Intracellular fine granular materials in the acinar cells and homogeneous substance in the tubular lumina of the benign tumour were observed hisotchemically and compared with the lactating mammary gland before and after parturition. As shown in Table II chromatic mast cells, were noticed. The metachromasia in the stroma of the benign III, Alcian blue or orcein were found tumour was less than in the interstitial between the acinar cells of the benign constituents of human breast tumours tumours and the lactating gland. Although (pericanalicular fibroadenoma), as indithe amount of fibrous connective tissue in cated in our previous report (Takeuchi , 1976) . The result shows that hyaluronic acid content is much higher in rat tumours.
Incorporation of 3H-glucosamine or 35SO4
into glycosaminoglycans by benign tumour tissue The GAG-synthesis by benign tumours described above was compared with that of normal mammary-gland tissue of young female rats or fibroadenoma tissues appearing in Fischer 344 rats. 3H or 35S radioactivity incorporated into GAGs (ct/min/ mg of dry tissue) in each tissue is shown in Table III . The GAG-synthesis in benign tumours, similar to that of fibroadenoma of Fischer 344 rats, is seen to be much higher than in normal mammary-gland tissue. Hexuronic acid content (10-3 umol/ mg dry weight) in benign tumour tissue was also higher than in normal mammary tissue.
Plasma prolactin values of the tumourbearing and periand postnatal rats These values together with those of 6-month-old virgin rats, are shown in Table IV . The prolactin value of tumourbearing rats were similar to those of rats on the 7th day post partum, and about 27 times that of 6-month-old virgins. This result suggests that the occurrence of benign tumours in aged female rats has a very close relation with a higher level of plasma prolactin.
Atypical cell proliferation in the benign tumour In 5 of the 89 benign tumours, atypical proliferation of tubuloacinar cells of the tumour was seen. As shown in Fig. 3 , in some areas the cell proliferation was so dense that the duct and acinar lumen were progressively reduced and finally obliterated. High degree of cell atypism and hyperchromatism of nuclei were seen, features which indicate malignant transformation of the tumour cells.
DISCUSSION
The present study showed that the incidence of non-malignant breast tumour was 88% at Day 756, against 9% at Day 420. Age was a factor in the frequency of benign tumours. The incidence of tumourbearing rats in this study was similar to that reported by Ross & Bras (1965 ), Schardein et al. (1968 and Thompson et al. (1961) . Benign tumours, which were more frequently encountered in older rats in the present study, showed neoplastic histology, but in some areas of the tumour hyperplasia was likely. Histochemically, the secretions of the tumour were similar to those of the lactating gland. Young & Hallowes (1973) , classifying mammary tumours in laboratory animals, reported that, while the term "lobular hyperplasia" is used to describe a tumour-like lesion in which there is an increase in the size, complexity and number of the mammary lobules, the individual acini forming the lobules nevertheless appear normal. In the present study, we found lobular hyperplasia (or "adenosis") in some areas of spontaneous benign tumours, but the neoplastic pattern (adenomatous or fibroadenomatous) was considered to predominate in most. In their investigation of the gross and microscopic appearance of spontaneous mammary tumours of A-S rats, Wright et al. (1940) found that the new growths consisted mainly of fibro-epithelial tumours. They concluded that fibroepithelial tumours represent the earliest stages in the pathogenesis of the mammary neoplasm.
It has been reported that prolactin may be a stimulating hormone in spontaneous mammary tumorigenesis in the rat. Welsch & Nagasawa (1977) held that the genesis of spontaneous rat mammary tumours was not only enhanced by increased secretory levels of prolactin, but the growth of the established tumour also appeared to be significantly influenced by changes in the secretion of this hormone. Quadri & Meites (1971) found that daily injection of ergocornine or ergokryptine inhibited spontaneous mammary tumour growth by depressing prolactin secretion. They also observed prompt resumption of mammary tumour growth after termination of the drug treatment. In the present study, plasma prolactin values of the benign tumour-bearing rats were much higher than in younger virgin rats, and the secreting activity of tumour acini was similar to that of lactating glands. The results seem to show that the increase in prolactin may encourage development of benign tumours consisting mainly of lobular hyperplasia. However, glycosaminoglyean synthesis activity of the tumour tissue was much higher than in the lactating gland or the normal gland. It is conceivable that the interstitial fibrous tissue, which was composed mainly of fibroblastic (mesenchymal) cells, tended to proliferate vigorously in the benign tumour tissue.
It has been reported by several investigators that the incidence of hypophyseal adenoma was high in old Sprague-Dawley rats (Thompson et al., 1961; Durbin et al., 1966; Muraoka et al., 1977; Tsubura & Usui, 1980) . Durbin et al. (1966) noted that the postmenopausal ovary provides an uninterrupted supply of sufficient oestrogen to stimulate the hypophysis, which in turn provides the hormonal stimulation of the breast, leading to hyperplasia and secretion and to spontaneous mammary tumour of Sprague-Dawley rats. Tucker (1979) found that a restriction of food intake by 20% markedly reduced the incidence of spontaneous tumours in rats. According to her, hypophyseal and mammary adenomas were significantly reduced in the restricted groups of female rats. In the present study, hypophyseal adenoma was also found, and its incidence became higher in the older group, although no definite relationship was observed between the frequency of mammary gland tumour and hypophyseal adenoma, as shown in Table I . The present results, which showed a high incidence of hypophyseal adenoma and a high level of plasma prolactin in old rats, seem to indicate that the hypophysis stimulates the occurrence of mammary tumours.
Although the overall incidence was low, 5 carcinomas were found among the benign tumours in the present study. The histology of these cases appeared to reflect a malignant change in the tubuloacinar cells of the benign tumours. It is conceivable that a higher incidence of carcinoma in benign tumours would have been observed if the rats had lived longer. Though a more detailed investigation should be made, the lobular hyperplasia ( Fig. lb) which to some extent histologically resembles acinar-cell tumour of the human salivary gland, is considered to be a precancerous lesion.
